On melting of boron phosphide under pressure by Solozhenko, V.L. & Mukhanov, V.A.
www.ism.kiev.ua/stm 98
Письма в редакцию 
 
 
 
 
 
 
 
UDC 546.27:661.636:536.421.1 
V. L. Solozhenko*, V. A. Mukhanov 
*vladimir.solozhenko@univ-paris13.fr 
On melting of boron phosphide under pressure 
Melting of cubic boron phosphide has been studied at pressures to 
9 GPa using synchrotron X-ray diffraction and electrical resistivity measurements. It 
has been found that above 2.6 GPa boron phosphide melts congruently, and the melt-
ing curve exhibits negative slope (–60±7 K/GPa), which is indicative of a higher den-
sity of the melt as compared to the solid phase. 
Keywords: boron phosphide, melting, high pressure, high tempe-
rature. 
Cubic boron phosphide, BP, is refractory wide bandgap semicon-
ductor [1, 2] characterized by a unique combination of mechanical [3, 4], thermal 
and electrical properties, excellent thermal conductivity [5], and high thermo-
electric power [6] that could make it a material of choice for a wide range of engi-
neering applications [7].  
At ambient pressure decomposition of boron phosphide is observed already at 
1400 K [8, 9], and the melting point of BP is not established. The BP decomposi-
tion temperature is expected to be higher under pressure, however, so far the high-
pressure behavior of boron phosphide is studied only at room temperature [10]. In 
the present work melting of boron phosphide at pressures to 9 GPa was studied for 
the first time. 
Polycrystalline BP (99.8 %) produced by self-propagating high-temperature re-
action between boron phosphate and magnesium according to the method de-
scribed elsewhere [4] was used in the experiments. The lattice parameter of the 
sample was a = 4.5356(9) Å, which is close to the literature value (4.537 Å [9]).  
The BP melting at ~ 5.3 GPa was studied in situ by energy-dispersive synchro-
tron X-ray diffraction using MAX80 multianvil system at F2.1 beamline of the 
DORIS III storage ring (HASYLAB-DESY). The experimental details are de-
scribed elsewhere [11, 12], the data obtained are shown by circles in figure. The 
angle-dispersive X-ray diffraction probing of BP melting at 6.2 and 8.9 GPa was 
performed in a Paris-Edinburgh press with T-cup module at ID30 beamline, ESRF. 
The experimental details are described elsewhere [12]; the corresponding data are 
presented in figure as triangles.  
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Melting of boron phosphide in the 2.6–7.7 GPa pressure range was studied 
in situ by electrical resistivity measurements [13] in a specially designed high-
temperature cell [14] of a toroid-type high-pressure apparatus. The cell was pres-
sure-calibrated at room temperature using phase transitions in Bi (2.55 and 
7.7 GPa), PbSe (4.2 GPa), and PbTe (5.2 GPa). The temperature calibration under 
pressure was made using well-established reference points: melting of Si, NaCl, 
CsCl, Pt, Rh, Al2O3, Mo and Ni–Mn–C ternary eutectic. No signs of chemical in-
teraction between BP and graphite electrical inputs were observed over the whole 
pressure–temperature range under study. The experimental data are presented by 
squares in figure.  
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Pressure dependence of BP melting temperature. The results of synchrotron X-ray diffraction 
experiments are presented by circles (HASYLAB-DESY) and triangles (ESRF). The open sym-
bols correspond to the melt, solid symbols – to its absence. Half-filled squares indicate the onset 
of melting registered in situ by electrical resistivity measurements. Dashed line is the linear 
approximation of the melting curve defined by least-squares method. 
 
The BP melting curve (dashed line obtained by the least-squares method from 
the results of all experiments) exhibits negative slope –60(7) K/GPa, which points 
to the higher density of BP melt as compared to the solid phase in the pressure 
range under study. Extrapolation of the melting line to the low-pressure region 
allows us to estimate the melting point of BP at ambient pressure as 2840(40) K. 
The lattice parameters of the samples quenched from different pressures and 
temperatures are very close to the literature value, and no lines of other phases 
(B12P2, boron, phosphorus, etc.) are present in the diffraction patterns, which 
indicate the congruent type of BP melting at pressures above 2.6 GPa. 
Synchrotron X-ray diffraction experiments were carried out during beam time 
allocated to Project DESY-D-I-20090172 EC at HASYLAB-DESY and Proposal 
HS-2532 at ESRF. The authors thank Drs. Christian Lathe and Yann Le Godec for 
assistance. This work was financially supported by the Agence Nationale de la 
Recherche (grant ANR-2011-BS08-018). 
 
Плавление кубического фосфида бора было изучено при давлениях до 
9 ГПа методами дифракции синхротронного излучения и измерения электрического со-
противления. Было установлено, что выше 2,6 ГПа фосфид бора плавится конгруэнтно, и 
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кривая плавления имеет отрицательный наклон (-60±7 K/ГПа), что свидетельствует о 
более высокой плотности расплава по сравнению с твердой фазой. 
Ключевые слова: фосфид бора, плавление, высокое давление, высокая 
температура. 
 
Плавлення кубічного фосфіду бору було вивчено при тисках до 9 ГПа 
методами дифракції синхротронного випромінювання і вимірювання електричного опору. 
Було встановлено, що вище 2,6 ГПа фосфід бору плавиться конґруентно і крива плавлення 
має негативний нахил (-60±7 K/ГПа), що свідчить про більш високої щільності розплаву в 
порівнянні з твердою фазою. 
Ключові слова: фосфід бору, плавлення, високий тиск, висока темпе-
ратура. 
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